logically dividing the memory into a plurality of heaps, each heap dedicated to 
one processor for garbage collection; 

performing a plurality of garbage collection phases, wherein each pfocessor 
having a dedicated heap, each processor performs each of the phases or/the heap 
dedicated to the processor using a garbage collection thread executing on the processor; 
and 

synchronizing the processors so that all processors hav^ completed the preceding 
phase prior to each processor beginning the next phase. 

2. (Original) A method as defined in claim 1 wherein the synchronizing act 
comprises: 

for each processor performing a phase of tHe garbage collection process, upon 
completion of the phase of the garbage collection process waiting for the other processors 
to complete the phase of the garbage collection process; and 

once the other processors have completed the phase of the garbage collection 
process, beginning the next phase of the garbage collection process. 

3. (Original) A method as defied in claim 2 wherein the garbage collection phases 
further comprise: 

a marking phase that marks all reachable objects in memory; 
a planning phase that plans the relocation of the objects; 
a relocation phaserthat updates the object references based on information 
calculated by the planmng phase; and 

a compactiosf phase that compacts the reachable objects in memory. 



2 



4. (Original) A method as definad in claim 3 wherein the planning phase maintains 
a directory of object references and wherein the relocation phase further comprises: 

analyzing each memory object to retrieve references to other memory objects; 

if a reference to another memory object is present, analyzing the reference 
information to determine which heap the referenced object is associated; 

analyzing the directory of the heap for the referenced object to determine a new 
address location of the referenced object; and 

updating the reference information in the memory object. 

5. (Original) A method of performing garbage collection in a computer system 
having a shared memory and a plurality of processing units, wherein the memory is 
divided into heaps and each heai} is associated with a single processing unit, said method 
comprising: 

stopping executing process threads; 

initiating parallel marking threads in each processing unit associated with a heap, 
wherein one thread executes within each processing unit and wherein the marking threads 
mark the reachable objects in trie shared memory; 

upon completion of all parking threads, initiating parallel planning threads in 
each processing unit associated! with a heap, wherein one thread executes within each 
processing unit and wherein e£ch planning thread plans the new locations for objects 
within the associated heap; 

upon completion of all the planning threads, initiating parallel relocating threads 
in each processing unit associated with a heap, wherein one thread executes within each 
processing unit and wherein each relocating thread updates internal object references 
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based on the new locations determined by the planning threads, the relocation threads 
updating information for objects within the associated heap; and 

upon completion of all the relocating threads, initiating parallel compacting 
threads in each processing unit associated with i heap, wherein one thread executes 
within each processing unit and wherein each compacting thread updates moves objects 
within the associated heap to the new locations determined by the planning threads. 

6. (Original) A method as defined in craim 5 wherein the planning phase maintains 
a directory of object references and wherein the relocation phase further comprises: 

analyzing each memory object to retrieve references to other memory objects; 

if a reference to another memory/object is present, analyzing the reference 
information to determine which heap the referenced object is associated; 

analyzing the directory of the neap for the referenced object to determine a new 
address location of the referenced object; and 

updating the reference information in the memory object. 

7. (Original) A method as defined in claim 5 wherein the marking threads mark 
objects independently of the heap boundaries. 

8. (Original) A method as defined in claim 5 wherein all the processing units 
associated with the computer system are associated with a heap. 

9. (Original) A method as/defined in claim 5 wherein the heaps comprise a 
contiguous set of memory objects within the shared memory. 

10. (Original) A system fir performing garbage collection in a shared memory 
environment, the shared merr/ory being accessed by a plurality of processing units, the 



4 



shared memory divided into heaps (and each heap is associated with one processing unit, 
the system comprising: 

for each processing unit associated with a heap: 

a marking module Executing a marking phase that marks reachable objects 
within the shared memory; 

a planning modulel for executing a planning phase that plans the relocation 
the memory objects within the associated heap following the marking of all reachable 
objects; 

a relocating modijle for executing a relocating phase that updates the 
object references within objects Jbf the associated heap following the planning of the 
relocation; 

a compacting mddule for executing a compacting phase that moves the 
memory objects of the associated heap following the updating of the object references; 
and 

a rendezvous module fdr determining whether all processing units in the system 

phase before starting the next phase, 
program product readable by a computer and encoding 



have completed each preceding 
11. (Original) A computer 



instruction for executing a corAputer process for collecting garbage in a computer system 



having a memory and a plura 
comprising: 

logically dividing the 
one processor for garbage co ( 



ty of multiprocessors that share the memory, the process 

nemory into a plurality of heaps, each heap dedicated to 
ection; 
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performing a plurality of garbage collection phases, wherein each processor 
having a dedicated heap performs each jof the phases using a garbage collection thread 
executing on the processor; and 

synchronizing the processors si> that each processor has completed the preceding 
phase prior to beginning the next phaae. 

12. (Original) A computer program product as defined in claim 1 1 wherein the 
synchronizing act comprises: 

for each processor performing a phase of the garbage collection process, upon 
completion of the phase of the garbage collection process waiting for the other processors 
to complete the phase of the garbage collection process; and 

once the other processors have completed the phase of the garbage collection 
process, beginning the next phase t>f the garbage collection process. 

13. (Original) A computer prdgram product as defined in claim 12 wherein the 
garbage collection phases further comprise : 

a marking phase that marks all reachable objects in memory; 
a planning phase that plans the relocation of the objects; 
a relocation phase that updates the object references based on information 
calculated by the planning phaae; and 

a compaction phase thaft compacts the reachable objects in memory. 

14. (Original) A compute! program product as defined in claim 13 wherein the 
planning phase maintains a directory of object references and wherein the relocation 
phase further comprises: 

analyzing each memiry object to retrieve references to other memory objects; 
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if a reference to another memory object is present, analyzing the reference 
information to determine which heap the referenced object is associated; 

analyzing the directory of the heap for the referenced object to determine a new 
address location of the referenced object; and 

updating the reference information/in the memory object. 



15. (Original) A computer program p 
instruction for executing a computer proc 
computer system having a shared memor. 



oduct readable by a computer and encoding 
sss for performing garbage collection in a 
and a plurality of processing units, wherein the 
memory is divided into heaps and each r/eap is associated with a single processing unit, 
said process comprising: 

stopping executing process threads; 
initiating parallel marking threads in each processing unit associated with a heap, 
wherein one thread executes within eajch processing unit and wherein the marking threads 
mark the reachable objects in the shaded memory; 

upon completion of all markiilg threads, initiating parallel planning threads in 

a heap, wherein one thread executes within each 
.nning thread plans the new locations for objects 



each processing unit associated with 
processing unit and wherein each pi 
within the associated heap; 

upon completion of all the 



anning threads, initiating parallel relocating threads 
in each processing unit associated \ilith a heap, wherein one thread executes within each 
processing unit and wherein each relocating thread updates internal object references 
based on the new locations detenrfined by the planning threads, the relocation threads 
updating information for objects within the associated heap; and 
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upon completion of all the relocating threads, initiating parallel compacting 
threads in each processing unit associated with a/heap, wherein one thread executes 
within each processing unit and wherein each compacting thread updates moves objects 
within the associated heap to the new locations/determined by the planning threads. 

16. (Original) A computer program product as defined in claim 15 wherein the 
planning phase maintains a directory of objec^ references and wherein the relocation 
phase further comprises: 

analyzing each memory object to retrieve references to other memory objects; 

if a reference to another memory otfject is present, analyzing the reference 
information to determine which heap the referenced object is associated; 

analyzing the directory of the heap for the referenced object to determine a new 
address location of the referenced objecj; and 

updating the reference information in the memory object. 

1 7. (Original) A computer prografn product as defined in claim 1 5 wherein the 
marking threads mark objects independently of the heap boundaries. 

18. (Original) A computer program product as defined in claim 1 5 wherein all the 
processing units associated with tljle computer system are associated with a heap. 

19. (Original) A computer program product as defined in claim 15 wherein the heaps 
comprise a contiguous set of memory objects within the shared memory. 

20. (Original) A runtime Environment for a multiprocessor system, the 
multiprocessor system having a plurality of processing units and a shared memory, the 
shared memory divided inta a plurality of heaps wherein each heap is dedicated to one 
processing unit; the runtime environment comprising: 
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